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Compositions comprising Nm23 protein for the use of matrix 
metalloproteinase inhibitor and angiogenesis inhibitor 

Background of Invention 

5 

Technical Field 

The present invention relates to pharmaceutical compositions for the use of 
matrix metalloproteinase (MMP) inhibitor and angiogenesis inhibitor comprising Nm23 
protein as an active ingredient* 

10 

Background Art 

Angiogenesis is the process of forming new capillary blood vessels from 
microvessels. Angiogenesis occurs only during embryonic development, wound 
healing and female cyclic menstmation with the corpus luteum, but not under normal 

15 conditions [Folkman and Cotran, Regulation of proliferation to tumor growth. Int 
Rev, Exp, Pathol, 16:207-248, 1976], 

A failure in the regulation of angiogenesis can lead to the following 
disorders: angioma; angiofibroma; blood vessel malformation; cardiovascular 
diseases such as arteriosclerosis, intravascular coagulation and edematous sclerosis; 

20 ophthalmological diseases such as cornea-implant angiogenesis, neovascular 
glaucoma, diabetic retinopathy, corneal disorder; involutional macula, pterygium, 
degeneration of macula, retrolental fibroplasias and granula trachoma; chronic 
inflanmaatory diseases such as arthritis; and skin disorders such as the psoriasis, 
capillary extension, the pyogenic granuloma, seborrheic dermatitis and acne. 

25 Angiogenesis plays very important role in growth and metastasis of cancer cells 
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[D'Amato RJ aiid Adamis AP, Ophthamol 102:1261-1262, 1995; Arbiser JL, /. Am. 
Acad, Derm, 34(3): 486-497, 1996; O'brien KD. et al. Circulation 93(4): 672-682, 
1996; HanahanD and Folkman J. Cell 86:353-364, 1996]. 

Angiogenesis influences growth and proliferation of cancer by supplying 
5 nutrients and oxygen, and also promotes for the metastasis of cancer cells to the 
circulating system of the blood and thus to the other parts of the entire body through 
neovascularization [Polverini PJ. Critical Reviews in Oral Biology^ 6(3): 230-247, 
1995]. 

Abnormal angiogenesis thus underlies the origin and progression of a 
10 number of diseases. Development of effective inhibitors of angiogenesis is 
important for the prevention and treatment of such diseases and is currently an active 
area of research. 

A major event that occurs during angiogenesis, prior to the formation of the 
capillary blood vessels, is the breakdown of extracellular matrix. Other key steps in 

15 the angiogenic cascade include reactivation of endothelial cells, mpture of membrane, 
adhesion, migration, proliferation, lumen formation, and sprouting off new capillary 
blood vessels out of preexisting vessels. The most important enzymes in degradation 
of the extracellular matrix (collagen type IV, a main component of the basement 
membrane), is matrix metalloproteinases (MMPs), a family of over 20 enzymes. 

20 MMPs are endopeptidases containing zinc (Zn), which degrade extracellular 

matrix such as connective tissue and basement membrane. They are classified into 
four groups: coUagenase (e.g. MMP-1, MMP-8), gelatinase (e.g. MMP-2, MMP-9), 
stromelysin (e.g. MMP-3), and membrane-type collagenase (e.g. MMP-14). 
CoUagenase participates in bone-arthritis while gellatinase plays a role in growth and 

25 metastasis of cancer by degrading the basement membrane [Howell DS and Pelaetier 
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JP. In Arthritis and Allied Conditions; McCarthy DJ and Koopman WJ. Eds; Lea and 
Febiger; Philadelphia, 12*^ Ed. 2:1723, 1993]. 

MMPs are also involved in tlie development of many other diseases from 
overactivation of MMP, among them, re-stenosis, osteo-hypotropy, inflammatory 
5 disorders in CNS, skin diseases of aging such as wrinkles; dermatitis, rheumatoid 
arthritis, septicemia arthritis, corneal ulcer, abnormal v^ound healing, bone diseases, 
proteinuria, aneurysm, degenerative cartilage loss caused by traumatic articular 
injury, demyelinating disease in nervous system, cirrhosis of the liver, glomerular 
disease, embryonic membrane rupture, inflammatory bowel disease, periodontal 

10 membrane disease, age-related degeneration of macula, diabetic retinopathy, 
proliferated retina syndrome, premature infanf s retinopathy, ophthalmia, cone cornea, 
Shogren's syndrome, myopia, and ophthalmo-tumor. MMPs are also involved in 
the rejection of corneal graft. 

There is, therefore, an urgent need for effective, non-toxic inhibitors of 

15 angiogenesis and metalloproteinases as potential to therapeutic agents for a variety of 
diseases. 

Several lines of evidence suggest that Nm23, an endogenous protein, has 
nucleoside diphosphate kinase (NDPK) activity [Biggs et al., A Drosphilia gene that 
is homologous to a mammalian gene associated with timior metastasis codes for a 

20 nucleoside diphospahte kinase. Cell, 63:933-940, 1990]. Also, Nm23 has been 
shown to serve as a transcriptional factor, and cell differentiation inhibitor [Postel et 
al, Human c-myc transcription factor PuF identified as Nm23-H2 nucleoside 
diphosphate kinase, a candidate suprpressor of tumor metastasis. Science. 26l'A7S- 
480, 1993; Okabe-kado et aL, Inhibotory action of Nm23 proteins on erythroid 

25 differentiation of human leukemia cells. Biochem. Biophys, Acta. 1267: 101-106, 
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1995]. 

This inhibitory activity is shared by both the acidic Nm23-Hl isoform and 
the basic Nm23-H2 isoform in human, and both types were shown to inhibit cell 
invasion and metastasis [Rosengard et al: Reduced Nm23/Awd protein in tumor 
5 metastasis and aberrant Drosphilia development. Nature, 342:177-180, 1989; 
Charpin et al: Automated and quantitative immunocytochemical assays of 
Nm23/NDPK protein in breast carcinomas, Int J, Cancer:, 74:416-420, 1997], 

However, the mechanisms of action of Nm23 has not well understood, 
though its activities and effects as described above have been shown. Therefore, this 
10 protein has a limit in application and there is a need for clarifying the working 
mechanism of Nm23 so as to provide applicability in various diseases. Also, there is 
a great need for development of a drug effective in the prevention and treatment of 
many diseases induced by overexpression of MMP and abnormal angiogenesis. 

The present inventors have studied the relationship between NM23 and the 
15 activity of MMP and angiogenesis to provide an effective composition for prevention 
and treatment of many diseases induced by overexpression of MMP and abnormal 
angiogenesis. 

Detailed Description of Invention 

20 The present invention provides compositions comprising Nm23 as an active 

ingredient for inhibiting the matrix metalloproteinase (MMP) activity and 
angiogenesis. 

It is a further object of the present invention to provide a composition for 
prevention and treatment of MMP-mediated diseases, such as re-stenosis, MMP- 
25 mediated osteo-hypotropy, inflammatory disorders in CNS, skin aging, wrinkles, 
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dermatitis, rheumatoid arthritis, septicemia arthritis, corneal ulcer, abnormal wound 
healing, bone disease, proteinuria, aneurysm disease, degenerative cartilage loss 
caused by traumatic articular injury, demyelinating disease in nervous system, 
cirrhosis of the liver, glomerular disease, embryonic membrane premature rupture, 
5 inflammatory bowel disease, periodontal membrane disease, age-related 
degeneration of macula, diabetic retinopathy, prohferated retina syndrome, premature 
infant's retinopathy, ophthalmia, cone cornea, Shogren's syndrome, myopia, 
ophthalmo-tumor, the rejection of corneal graft, and the like, comprising Nm23 as an 
active ingredient. 

10 It is another object of the present invention to provide a composition for 

inhibiting angiogenesis activity comprising Nm23 as an active ingredient. 

It is yet another object of the present invention to provide a composition for 
prevention and treatment of angiogenesis-related diseases, such as angioma, 
angiofibroma, diabetic retinopathy, premature infant's retinopathy, neovascular 

15 glaucoma, angiogenesis-related corneal disorder; involutional macula, pterygium, 
degeneration of macula, retrolental jHbroplasias, granula trachoma, psoriasis, capillary 
extension, pyogenic granuloma, seborrheic dermatitis, fatness, acne and arthritis, 
comprising Nm23 as an active ingredient. 

The term Nm23 protein used herein includes all proteins containing amino 

20 acids encoded by the human Nm23 genes (US PAT. NO. 6,329,198), and derivatives 
and fragments thereof and showing the same functions. 

The Nm23 protein used herein includes Nm23 proteins encoded by the 
human Nm23-Hl genes and the human Nm23-H2 genes, and derivatives and 
fragments thereof and showing the same functions. 

25 The Nm23 protein used herein applies to all forms of Nm23 protein whether 
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obtained from natural sources or artificially prepared using a peptide synthesizer or 
by a genetic engineering. 

The Nm23 protein used herein may be mass-produced by E, coli. In this 
case, the product is preferably purified by ATP-sepharose column chromatography. 
5 The present invention covers all compositions comprising proteins showing 

the same fimctions as himian Nm23 protein, and derivatives and fragments thereof as 
an active ingredient alone. 

The present invention covers all compositions comprising proteins shov^ing 
the same functions as human Nm23 protein, and derivatives and fragments thereof as 
10 an active ingredient in combination with another active ingredient. 

For administration, the compositions comprising Nm23 according to the 
present invention may include at least one other pharmaceutically acceptable carrier. 

The pharmaceutically acceptable carrier suitable for liquid formulation may 
include sahne, sterile water. Ringer's solution, buffered saline, dextrose solution, 
15 malto dextrin solution, glycerol, ethanol or a mixture of one or more these and may 
be combined with other common additives, including, for example, anti-oxidants, a 
buffer solution, bacteriostatic agents and the like, as needed. Also, the active agent 
may be formulated as an injectible form (aqueous solution, suspension, emulsion and 
the like), a pill, a capsule, granule or tablet, by adding a diluting agent, a dispersing 
20 agent, a surfactant, a binder or a lubricant. Further, it may be variably formulated 
according to the diseases to be treated or prevented, by appropriate methods 
described in Remington's Pharmaceutical Science, Mack Publishing Company, 
Easton PA. 

The formulation resulting from this invention may be administered by the 
25 intravenous (IV), intraperitoneal (IP), intramuscular (IM), intraarterial (lA), 
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transdermal, intranasal, inspiration, focal, rectal, oral, intraocular or intradermal 
routes. Among tliem, parenteral administration includes the intraveneous, 
intramuscular, intraperitoneal, intrastemal, transdermal and intraarterial injection and 
infusion. 

5 An effective dose is preferably 0,05mg to 2g per a day, whick may be 

administered all at once or in several smaller doses depending, among others, on the 
type of the disease to be treated or prevented, the types and contents of an active 
ingredient and the other ingredients contained in the formulation, the route, and 
duration of administration, the age, body weight, general health condition, sex and 
10 diet of the patient, duration of the treatment, co-treatment drug (for example, 
chemotherapeutics) . 

The composition described in the present invention has been confirmed to 
strongly inhibit MMP activity in a spectrofluorometric MMPinhibition assay. 

Also the composition described in the present invention has been confirmed 
15 to strongly inhibit angiogenesis in endothelial cells in a tube formation assay using a 
gelled Matrigel and an animal test using a mouse Matrigel model. 

Brief Description of the Drawings 

Fig. 1: Inhibition of MMP activity by Nm23-Hl and Nni23-H2; 
20 Fig. 2: Tube formation in the HUVEC (Human umbilical vein endothelial 

cell); 

Fig. 3: Inhibitory effect of Nm23-Hl on the tube formation in endothelial 
cells on Matrigel; 

Fig. 4: Inhibitory effect of Nm23-H2 on the tube formation in endothelial 
25 cells on Matrigel; and 
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Fig. 5: Inhibitory effect of Nm23-Hl and Nin23-H2 on angiogenesis in a 
mouse Matrigel model. 

Best Mode for Carrying Out the Invention 

5 The following examples help to understand the present invention. However, 

the present invention is not limited to these examples. 

Preparation Example : Preparation of Nm23-Hl and Nm23-H2 
Nm23-Hl and Nm23-H2 were recombinant proteins which were prepared 
10 following their over-expression in E. colU and purification to at least 99% purity by 
ATP-sepharose affinity column chromatography [Kim et al., Mol. Cell, 7:630-634, 
1997]. The recombinant proteins thus obtained were confirmed to be identical in 
structure with naturally existing Nm23 protein. 

15 Example 1 : Inhibitory Effect of Nm 23 on MMP Activity 

The Inhibiting effect of Nn[i23 on MMP activity was examined using a 
spectrofluorometer (Perkin-Elmer, LS50B). MMPs were prepared from insect cells 
using the Baculovims system by the genetic engineering technique. 

Substrates for MMPs are as follows; 2,4-dinitrophenyl-Pro-Leu-Ala-Leu- 
20 Trp-Ala-Arg (Calbiochem, San Diego, CA, No.44421 1) as substrate for MMP-1 ; 2,4- 
dinitrophenyl-Pro-Leu-Gly-Met-Trp-Ser-Arg (Calbiochem, San Diego, CA, No. 
444215) as substrate for MMP-2 and MMP-9; and 2,4-dinitrophenyl-Pro-Tyr-Ala- 
Tyr-Trp-Met-Arg (Calbiochem, San Diego, CA, No.444220) as substrate for MMP-3. 

Fluorescence was measured at an excitation wavelength of 280 nm and an 
25 emission of 360nm. 

8 
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Figure 1 shows that Nm23-Hl inhibited MMP-1 by 63%, MMP-2 by 90% 
and MMP-3 by 82%, and Nm23-H2 inhibited MMP-1 by 40% and MMP-2 by 84%, 
in the concentration of 2/ig/m^, as compared with the control group. 

5 Example 2 : Inhibitory Effect of Nnni23 on angiogenesis in vitro. 

The effect of Nm23 on the capillary vessel formation in human vascular 
endothelial cells, in vitro was examined as follows. Human umbilical vein 
endothelial cells (HUVEC) were isolated from fresh human umbilical cord obtained 
from a caesarean operation and cultured in media. Their identity was confirmed by 
10 immunostaining with antibody against factor VIIL The HUVE cells were grown in 
gelled Matrigel supplied by Collaborative Biomedical Products at 37^0 for 16 to 18 
hours. The HUVE cells thus obtained were the control group. 

HUVE cells further treated with Nm23 at a concentration of 125 ligM 
were compared with the control group, 
15 Fig. 2 shows the reticular tube formation by the HUVE cells cultured on 

Matrigel, which appeared as a stage of the angiogenesis. 

Fig. 3 shows that reticular tube formation is interrupted in HUVE cells 
cultured on Matrigel, after treatment with Nm23-Hl at a concentration of 125 ug/mL 
Fig. 4 shows that reticular tube formation is interrupted in the HUVE cells 
20 cultured on Matrigel, after treatment with Nm23-H2 at a concentration of 125 
/ig/mL \ 

The area of the tubes formed on Matrigel was analyzed using the Image-Pro 
Plus, supplied by Media Cybemetics. Table 1 shows Nm23-Hl and Nm23-H2 
inhibited the tube formation by about 41% and 45%, respectively. 

25 

9 
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<Table 1> 





Area of Tubes 


Tube Formation (%) 


Control Group 


92 


100 


Nin23-Hl -treated 


54 


59 


Nm23-H2 treated 


51 


55 



Example 3 : Inhibitory Effect of Nin23 on angiogenesis in vivo. 

The inhibitory effects of Nm23-Hl and Nm23-H2 on angiogenesis were 
5 examined using the mouse Matrigel model. 

6 to 8 weeks old C57BL/6 mice were injected subcutaneously with a mixture 
of 0.4 of Matrigel (Collaborative Biomedical Products), 50 ng/mA of fibroblast 
growth factor(FGF), an angiogenesis inducing factor, and 50 units/m-C of heparin to 
induce angiogenesis (control group). After 3-5 days, the skin of each animal was 
10 removed and Matrigel was carefiiUy separated, followed by recovery of gel. The 
amount of hemoglobin was measured using Drabkin's reagent (Sigma). 49 //g of 
Nm23-Hl and Nm23-H2 were added to Matrigel and administered to animals, as 
described above. Matrigel plugs were removed and the amount of hemoglobin was 
measured by Drabkin's reagent kit 525 (Sigma, St. Louis, MO). 
15 As shown in Table 2 and Fig. 5., Nm23-Hl and Nm23-H2 inhibited 

angiogenesis by 74% and 77%, respectively. 



10 
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<Table 2> 





Cone, of Hb (g/d«) 


Inhibition of Angiogenesis (%) 


Control Group 


390+ 254 


0 


Nin23-Hl-treated Group 


102+ 134 


74 


Nm23-H2 treated Group 


91+ 96 


77 



Industrial Applicability 

The compositions described in this invention, comprising Nm23 as the active 
5 ingredient have inhibitory effect on MMP activity and hence have potential therapeutic 
use in the prevention and treatment of various conditions and diseases resulting from 
overexpression of MMP. 

They are also potentially effective in the prevention and treatment of various 
conditions and diseases induced by abnormal angiogenesis. 

10 



11 
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What is claimed is: 

1. A phannaceutical composition for inhibiting MMP activity which comprises 
Nm23 as an active ingredient. 

5 

2. The pharmaceutical composition of claim 1, in which said Nm23 is Nm23- 

Hl. 

3. The pharmaceutical composition of claim 1, in which said Nm23 is Nm23- 

10 H2. 

4. The pharmaceutical composition of any one of claims 1 to 3, are potentially 
useful for the prevention and treatment of re-stenosis, MMP-mediated osteo-hypotropy, 
inflammatory disorders in CNS, skin aging, wrinMes, dermatitis, rheumatoid arthritis, 
septicemia arthritis, corneal ulcer, abnormal wound healing, bone disease, proteinuria, 

15 aneurysm disease, degenerative cartilage loss caused by traumatic articular injury, 
demyelinating disease in nervous system, cirrhosis of the liver, glomemlar disease, 
embryonic membrane mpture, inflammatory bowel disease, periodontal membrane 
disease, age-related degeneration of macula, diabetic retinopathy, proliferated retina 
syndrome, premature infant's retinopathy, ophthalmia, cone cornea, Shogren's 

20 syndrome, myopia, ophthalmo-tumor, the rejection of corneal graft, and the like. 

5. The pharmaceutical composition of claim 4, in which the composition is 
formulated into any one selected from the group consisting of injections, inhalants, 
sprays, tablets, capsules, soft capsules, solutions, granules, pills and ointments. 

25 



12 
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6. A pharmaceutical composition for inhibiting angiogenesis which comprises 
Nm23 as an active ingredient. 

7. The pharmaceutical composition of claim 6, in which said Nm23 is Nm23- 

5 HI. 

8. The pharmaceutical composition of claim 6, in which said Nm23 is Nm23- 

H2. 

9. The pharmaceutical composition of any one of claims 6 to 8, are potentially 
10 useful for the prevention and treatment of angioma, angiofibroma, diabetic retinopathy, 

premature infant's retinopathy, neovascular glaucoma, angiogenesis-related corneal 
disorder; involutional macula, degeneration of macula, pterygium, retinal degeneration, 
retrolental fibroplasias, granula trachoma, psoriasis, capillary extension, pyogenic 
granuloma, seborrheic dermatitis, acne, fatness and arthritis. 

15 

10. The pharmaceutical composition of claim 9, in which the composition is 
formulated into any one selected from the group consisting of injections, inhalants, 
sprays, tablets, capsules, soft capsules, solutions, granules, pills and ointments. 



13 
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[DRAWING] 
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[FIG. 2] 
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[FIG. 4] 




[FIG. 5] 
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<120> Compositions comprising Nin23 protein for the use of matrix 
metalloproteinase inhibitor and angiogenesis inhibitor 
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<160> 3 
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<210> 1 

<211> 7 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> No.l Pro is 2 , 4-dinitrophenyl Pro. 

<400> 1 

Pro Leu Ala Leu Trp Ala Arg 
1 5 

<210> 2 

<211> 7 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> No.l Pro is 2 , 4-dinitrophenyl Pro. 
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<400> 2 

Pro Leu Gly Met Trp Ser Arg 
1 5 



<210> 3 

<211> 7 

<212> PRT 

<2a3> Artificial Sequence 
<220> 

<223> No-1 Pro is 2 , 4-dinitrophenyl Pro. 



<400> 3 

Pro Tyr Ala Tyr Trp Met Arg 
1 5 
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